• The advantages of this type of lining are a lightweight, solid structure, and mathematically that it is locally reacting and can be represented by an effective impedance of the wall. A disadvantage is its limited frequency range: the damping capacity of the resonator quickly diminishes for off-design frequencies.
Therefore, a lining consisting of a layer of porous material {bulk absorber) is sometimes to be preferred since its properties are much less frequency dependent. 2 However, the effect of the liner cannot be described anymore by an effective impedance, since acoustic waves in the liner also propagate parallel to the wall, and the duct and liner fields are essentially coupled. Nevertheless, for simple duct geometries {like a cylinder) and homogeneous, isotropic material it is still possible to describe the sound field relatively easily by a modal expansion, as was shown in the classical paper of Scott. 3 The modes are those waveforms which exist in both the duct and the liner, retaining their form as they travel along the duct with constant axial wavenumber and decay ratio. Another approach, as discussed by Bauer, 4 is to consider an array of Hclmholtz resonators, filled with porous material. Then the liner is again locally reacting, and its acoustic properties can bc described by an effective impedance.
In the present paper we will extend these possibilities to theoretically describe the sound field in an infinite cylindrical duct with bulk-absorbent li•ing with the following two con- The field with the slowly varying liner will be described by a multiple scale solution 5 of slowly varying "constantliner" modes. This configuration may be considered as a generalization of the classic, homogeneous liner problem, 3 which we will therefore briefly discuss as well. The geometry with annular partitions arises naturally from structural constraints, especially in flow ducts with considerable axial pressure gradients. Although now the duct field and liner field cannot be decoupled in general, wc will show that this is possible per circumferential mode, giving rise to an effective, circumferential periodicity-dependent impedance.
The model for sound waves in porous material that our calculations arc based on can be found in Nayfeh et al., • or Morse and Ingard. 2 In here (and in addition, in Ingard 6) a more thorough discussion can be found on the various physical backgrounds. The porous material is essentially assumed to be described by its porosity, resistivity, effective density, and effective sound speed, all of which arc frequency dependent. To complete the modeling a perforate plate is assumed on top of the porous material. Its thickness is negligible, while its presence will be described mathematically by an impedance, assuming a continuous velocity. Traditionally, such a perforate is acoustically open to utilize the porous material as much as possible, but it is included in the present theory, as an additional degree of freedom which can be taken advantage of. From this basis we will discuss in the following sections three configurations:
(1) The porous material is homogeneous, without segmented structure or partitioning (Fig. 1) . This is the classical situation, and we will give here, for reference, a review of the established results, 3 appropriately generalized, and including a perforate cover plate.
(2) The properties of the porous material vary slowly in the axial direction (Fig, 2) . To quantify this we introduce a small parameter ß (a typical axial acoustic wavelength/a typical length for order one variations of the material), and assume/2, a,p,, c,, •', and Z to be explicitly a function of ßx.
(3) The (homogeneous) porous material is embedded in a segmented rigid structure of annular shape at a<r<b, x = IL, where l ..... --2,-1,0,1,2 .... (Fig. 3) 
As an analogy the slow effects can be considered to act as a weak source. With respect to the left-hand sides, we observe a great similarity with the previous section, which indeed is a useful reference. We will use therefore the same symbols to 
